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Abstract 
The seasonal spatial variability of soil moisture in loess hilly region was studied by using geo-statistic and classical 
statistic method. The results show that: (1) The spatial variability of soil moisture had middle variable characteristics 
in different periods. (2) The soil moisture of each layer shows strong fluctuation in rainy seasons； before or after the 
start of the rainy seasons, the soil moisture first increased and then decreased, which shows slight changes. (3) Before 
the rainy season, the spatial variability of soil moisture along northwest-southeast is the highest, while that along 
north-south is the highest in the rainy seasons. After the rainy seasons, the spatial variability of soil moisture along 
east-west was the highest and it has good autocorrelation. Soil moisture in different seasons presents zonal anisotropy. 
(4) The soil moisture has strong spatial correlation after the rainy season while that in the rainy seasons or before it is 
weak. (5) Land use type and soil bulk density has great effect in the spatial variability of soil moisture in sampling 
seasons. Besides, slope is major influential element in the rainy season and after it. (6) As seasons change, the 
draught center in Yanhe basin turns from surfaces to points in rainy seasons and turns from points to surfaces after 
rainy seasons. The soil moisture in Yanhe basin showed differences in south and north. 
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1. Introduction 
Soil moisture has been an important part of soil and has direct impact on crop growth and soil 
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composition transforming process [1]. In addition, it is one of key restrictive factors in vegetation 
restoration in Loess Plateau [2]. This study is very important for vegetation restoration and regional 
construction and can help use soil water in a better way. Recent study on the subject shows that: land use 
type[3], terrain factors[4], rainfall[5] and site condition[6] all have essential effect on spatial variability of 
soil moisture.  Many researchers have done a lot of work on spatial variability of soil moisture. Pan 
Chengzhong, Hu Wei, and Wang Yunqiang have studied on soil moisture in different slope in loess hilly 
region. They found that different slope has significant effect on spatial variability of soil moisture. Huang 
Yilong and Fu Bojie think that land use type has significant effect on soil moisture after some study on 
spatial pattern of that in loess hilly region [7-8]. Xu Ying and others have studied scale effect on spatial 
variability of soil moisture in the Yellow river Hetao plain and drown a conclusion that how to divide and 
select sampling scale is very important to the spatial variability of soil moisture [9]. Many researchers 
have focused on regional terrain, land use, spatial scale and so on but there are few people studied it from 
season changes. Taking Yanhe basin as an example, in order to announce difference law, this paper 
studied spatial variability of soil moisture combing geo-statistic and classical statistic method. This study 
can provide evidence for rational utilization of soil moisture. 
2. The generality of the research area and study method 
2.1. The generality of the research area 
Yanhe basin, located in middle hilly regions of Loess Plateau, is in the north latitude 36°21′-37°
19′, in the east longitude 108°38′-110°29′. The length of main stream is 286.9 kilometer and the 
entire area is 7687 square kilometer. This basin is under a typical temperate continental semiarid 
monsoon climate. Annual average temperature of it is 8.8～10.2°C and average annual rainfall is 
520mm. The rainfall in summer months (6-9) accounts for over 75% of all-year rainfall. It is in the 
temperate forest-steppe belt and its surface condition is very complicated. The topography and river 
network obviously influence the spatial variability of soil properties in the basin. The soil texture is 
mainly loessial and soil structure is silty loam, which increase the soil surface evaporation and lead to 
severe soil loss. This area is called strong erosion[10]. There are different typical land use types such as 
crop land, arbor forest, bush forest, abandoned land, grassland and orchard. 
In the research area, rainfall and forest have obvious variability from south to north. Firstly, the south 
area has luxuriant vegetation and of humid climate. Secondly, in the north area, there are few species and 
presents obvious drought character. The landscape shows gradually transitional character from south to 
north. At the same time, the rainfall gradually decreases as the latitude increases. 
2.2. Study method 
Table 1 Sampling area basic information 
Season Sampling point number Slope/° Elevation/m 
Average annual 
rainfall/mm Average rainfall/mm 
Before the rain(May) 
In the rain(August, 
September) 
After the 
rain(November) 
254 
307 
160 
0-42 724-1741 520 
43 
195 
14 
We chose 766 sampling points which cover the Yanhe basin and distributed in different times from 
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before the start of the rainy season to after that. We got these sampling soils from 0-200cm and 10 times 
every 200cm. With the oven drying method, we deleted the abnormal points. The rest of these points can 
be used for data exploratory analysis [11]. We divided the soil section to five part (0-20cm, 20-40cm, 40-
80cm, 80-160cm, 160-200cm) with Sequential Cluster Method.  We use classical mathematical statistics 
in the software Excel and SPSS to analysis the data while geology-statistical analysis can be implemented 
by GS+ and ArcGIS. Other conditions of this area can be seen in table 1. 
3. Results and analysis 
3.1. Vertical changing regularities of soil moisture 
Soil moisture at vertical direction was influenced by self-factors(soil texture, bulk density) as well as 
environmental factors (rainfall, evaporation, land use type)[12]. Table 2 shows us different soil layers K-S 
text results. Seen from it, 0-20cm layer and 80-160cm layer is statistically less than 0.05, which disprove 
Normal Distribution at 95%. Other soil layers and their soil moisture show Normal Distribution. Different 
coefficient of variation in different seasons is between 0.19 and 0.35, according to the coefficient of 
variation [13] the one that less than 0.1 show a lower variability and more than or equal to 0.1 as well as 
less than or equal to 1 shows a moderate variability. The one that more than 1 has strong variability. 
according to the rank of coefficient of variation. Every soil layer in these seasons is the medium-degree 
variability. But it firstly decreases and then increases before or in the rainy season while it shows an 
increasing trend after the rainy season. We can draw a conclusion that seasonal changes influence the soil 
moisture of different layers. 
Table 2 Soil moisture and average soil moisture of different depth 
Season Layer Sampling number 
Mean 
value 
Standard 
deviation 
Minimu
m Maximum CV K-S 
Before 
the rain 
0-20 254 9.74 2.57 3.48 17.86 0.26 0.615 
20-40 254 10.59 2.65 1.49 17.64 0.25 0.453 
40-80 254 11.63 2.51 5.95 19.59 0.22 0.919 
80-160 254 11.86 2.72 5.99 20.25 0.23 0.902 
160-200 254 11.18 3.39 4.35 21.63 0.30 0.592 
In the 
rain 
0-20 307 13.93 3.66 6.69 21.24 0.26 0.014 
20-40 307 14.36 3.42 6.28 22.9 0.24 0.725 
40-80 307 12.99 3.46 4.63 21.96 0.27 0.862 
80-160 307 9.61 3.29 2.82 17.08 0.34 0.041 
160-200 307 8.98 3.17 2.89 20.49 0.35 0.444 
After the 
rain 
0-20 160 10.76 2.11 4.42 17.25 0.19 0.375 
20-40 160 10.54 2.43 4.71 16.9 0.23 0.298 
40-80 160 11.13 2.70 4.69 20.47 0.24 0.639 
80-160 160 11.01 3.27 4.39 22.54 0.29 0.682 
160-200 160 10.42 3.59 3.94 18.93 0.34 0.258 
Figure 1 shows vertical distribution of soil moisture in different season. Seen from the figure, variation 
extent is very large in different layers. The change of soil moisture is most obvious in rainy season and 
presents violent fluctuation trend. It proves that rainfall affects the soil moisture obviously. Its surface soil 
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moisture is the largest. Soil moisture above 120cm decreases sharply, which proves that rainfall 
supplements it adequately but soil infiltration is slow. Soil moisture below 80cm is less than that before or 
after rainy season. At the same time, because of the evaporanspiration and use of plant roots. The deep 
soil moisture is already at a lower level. On the other hand, soil infiltration is very slow, which lead to 
shortage of deep soil moisture. When it comes to soil moisture ender 120cm, it changes slowly and this 
season doesn’t influence the deep soil moisture significantly. At the same time, figure 2 shows us that 
max two coefficient of variation between 80-160cm are 0.34 and 0.35. It proves that soil moisture in 
different zone differs and shows us a higher spatial variability. When we sample soil, most of soil is clay 
because of the rainfall. As the soil layer deepens, different sampling points prove the results of data 
analysis. But before or after the rainy season, the change turns slow with depth of the soil layer, which 
presents a increasing firstly then decreasing trend. We can find the same trend in these two seasons. 
Coefficient of variation turns high gradually as the depth of soil layer. It turns out that variability 
increases with the deepen of soil layer because of different soil infiltration. When it is between 160cm 
and 200cm before the rainy season, the coefficient of variation is highest because of the degree of 
evaporanspiration and land use.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Vertical distribution of soil moisture in different seasons. 
 
Fig.2 Semi-variance function.(a) Before the rain; (b) In the rain; (c) After the rain. 
3.2. Horizontal variation of soil moisture 
3.2.1. Analysis of soil variation 
Spatial variability of soil moisture in different direction is different because of terrain factors in Yanhe 
basin. We got the table after GS+ analysis. It can be seen that the highest stock values are in NW-ES, S-N, 
E-W directions, which proves that their spatial variability is the highest in these directions.  
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In general, dot numbers in different direction are different because of different capacities of the 
experimental samples in semi-variance function analysis. But it can presents general trend in macroscopic. 
Spatial variability of soil moisture in Yanhe basin presents zonal anisotropy because of there are different 
stock values in different directions. 
Table 3 Anisotropic half variance 
Season Direction Model Nugget Sill Body effect r2 
Before the 
rain 
S-N Index 4.41 19.11418 0.769 0.395 
EN-WS Index 4.66 19.36418 0.759 0.39 
E-W Index 3.9 18.60418 0.79 0.392 
NW-ES Index 4.85 20.22418 0.76 0.396 
In the rain 
S-N Linearity 4.36 19.77952 0.78 0.468 
EN-WS Index 4.72 19.50952 0.758 0.474 
E-W Index 3.7 18.48952 0.8 0.477 
NW-ES Index 4.72 19.50952 0.758 0.474 
After the rain 
S-N Index 5.96 18.88256 0.684 0.354 
EN-WS Linearity 6.21 19.13256 0.675 0.344 
E-W Linearity 6.63 19.55256 0.661 0.344 
NW-ES Linearity 5.09 18.01256 0.717 0.344 
3.2.2. Spatial structure of soil moisture and the analysis of its seasonal variation 
The K-S analysis on the mean values of soil moisture between 0 and 200cm shows that the 
significance value before rain season, during rainy season and after rainy season is 1, 0.764, 0.293 
respectively, which obeys the normal distribution. As the soil moisture content differs in different 
direction, we use the ArcGIS to transform the soil moisture to isotropy. Figure 2 shows the 
semivariogram of soil moisture in different seasons, and table 4 presents the parameters from analysis of 
the mean soil moisture between 0 and 200 cm by semi-variance function. Before and after the rainy 
season, the soil moisture content of this region suited to the spherical model, the Exponential is fit for 
rainy season, and the correlation determinations are between 0.15 and 0.54. The nugget is due to the 
measurement error and random error [14], and we can get that the nugget in the rainy season is the 
highest from table 4, which shows that measurement error and random error turn to higher because of the 
rainfall. The codomain reflected the range of soil moisture space correlation in the region, and the size 
was limited to the measurement scale. Within the codomain, the soil moistures were more similar when 
the sampling points had a smaller distance. That means the spatial correlation is more relevant. While if 
the distance between sampling points went beyond the codomain,, the spatial correlation is not exist. As 
our survey region, Yan He valley, is a large watershed, the corresponding codomain is big as well. The 
table 4 concluded that the sample sistance before the rainy season, in the rainy season and after the rainy 
season was 23km, 42km and 2km respectively. The spatial correlation of samples were not exist and can’t 
be used to interpolation or extrapolate if the sampling distance of each season exceeded the codomain 
scale. The body effect, which is the ratio of nugget and sill, can used to express the spatial correlation 
intensity of system variables [15]. When the body effect is less than 25%, it means the system has a strong 
spatial correlation. When the body effect is between 25% and 75%, it means the system has a moderate 
spatial correlation. And when the body effect is more than 75%, it means the system has a weak spatial 
correlation. From table 4 we can see that the mean value of soil moisture after rainy season had a strong 
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spatial correlation, and has a moderate correlation after the rainy season and in the rainy season. 
Table 4 Semivanance analysis 
Season Model Nugget Sill Distance Determinative coefficient Body effect Fractal dimension 
Before the rain Spherical 3.15 6.29 23300 0.20 0.49 1.95 
In the rain Index 3.26 6.52 42600 0.54 0.49 1.928 
After the rain spherical 2.42 9.95 2370 0.15 0.24 1.955 
3.2.3. Influencing factors 
According to related literature, we can safely draw a conclusion that site scale, slope scale, relative 
height and other factors influence the spatial variability of soil moisture [16]. We chose slope, land use type 
and other factors which change slowly as the season turns and use soil bulk density for correlation 
analysis (table 5). The results show that soil bulk density influence the spatial variability of soil moisture 
obviously and presents negative correlation in every season. Li Zhuo and Wu Pute [17] think that soil bulk 
density affect the infiltration significantly, which proves the conclusion above. The slope direction affect 
the soil moisture like the soil bulk density and dependence relationship between land use type and soil 
moisture in different season. 
Table 5 correlation analysis between environmental factors and soil moisture  
Season Slope Position Direction Land use Bulk density 
Before the rain 0.094 0.038 0.046 0.256** -0.411** 
In the rain -0.05 -0.097 -0.209** 0.077* -0.209** 
After the rain 0.056 -0.139 -0.303** 0.099* -0.303** 
Notes：*mean α=0.05 significant；**mean α=0.01 significant. 
3.3. Spatial distribution characteristic of soil moisture 
According to the data from semi-variance analysis, we use Kriging regression to divide them to six 
level (figure 3)[18-21] . 
It can be seen that soil moisture in the south is different from that in the north. The soil moisture in the 
south of Yanhe basin is higher than the north. In the period of practical review on Yanhe basin, the north 
part is covered by Artemisia and couch grass. This area has dry climate. But in the south area like 
Wanhua, it is humid with abundant species. The figure presents spatial variability of soil moisture before 
the rainy season well. 
In rainy season, the lowest soil moisture number is between 5% and 6%. We can see that humid area 
enlarged and the degree of spatial variability was not dramatically. Most soil moisture in Yanhe basin is 
slow available water and only part of that is readily available water. 
Relatively dry area increases after rainy season and the south different form the north. According to 
figures, it is true that the relatively dry area after rainy season is larger than that before the season. Soil 
moisture presents slow available water. 
In general, draught center turns from surface to point. And it changes to surface after the rainy season. 
Rainfall influences spatial variability of soil moisture in Yanhe basin greatly. 
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Fig.3 Distribution of soil moisture. (a) Before the rain; (b) In the rain; (c). After the rain. 
4. Conclusion 
Researchers at home and abroad have done lot of work. This paper studies spatial variability of soil 
moisture between 0cm and 200cm. The seasonal spatial variability of soil moisture in loess hilly region is 
studied by using geo-statistic and classical statistic method. Conclusions are concluded as follows: 
(1)The spatial variability of soil moisture had middle variable characteristics in different periods. 
(2)The soil moisture of each layer shows strong fluctuation in rainy seasons; before or after the start of 
the rainy season, the soil moisture first increased and then decreased, which show us slight changes. 
(3)This paper chooses four directions to study spatial variability of soil moisture. Before the rainy 
season, the spatial variability of soil moisture along northwest-southeast is highest, while that along 
north-south is highest in the rainy seasons. After the rainy seasons, the spatial variability of soil moisture 
along east-west was highest and it had good autocorrelation. Soil moisture in different seasons presented 
zonal anisotropy. 
(4)The soil moisture mean had strong spatial correlation after the rainy season while that in the rainy 
seasons or before it is weak. 
(5)Land use type and soil bulk density had great effect in the spatial variability of soil moisture in 
sampling seasons. Besides, slope was major influential element in the rainy seasons and after it. 
(6)As seasons changes, the draught center in Yanhe basin turned from surfaces to points in rainy 
seasons and turned from points to surfaces after rainy season. The soil moisture in Yanhe basin showed 
differences in south and north. In a conclusion, rainfall had significant effect on the spatial variability of 
soil moisture. 
The soil in loess hilly region is loose, and climate there is various. Its spatial variability of soil 
moisture is high because of its unique natural landscape. The geostatistics’s basic theories and techniques 
is fit for studying spatial variability, which is a good way of practical use in this field. Its semi-variance 
function and Kriging Interpolation can simulate soil moisture in Yanhe basin and study distribution 
structure and variability of soil moisture in different area in the macroscopic level. 
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